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Abstract 
Thermal behavior of vulcanized depropteinized nano-composite were investigated in order to apply the DPNR latex as non-
allergy. Removal of proteins from natural rubber was made by incubation of high ammonium natural rubber latex (HA-NR) with 
urea 0.1 wt% for 1 hour in the presence of surfactant at room temperature (DPNR). The nitrogen content of the DPNR was 
reduced to 0.05 wt%, which was lower than 0.45 wt% of HA-NR under the test condition. The reduction of protein content can 
be confirmed by observation a chemical structure through FT-IR technique. It is suggesting that the urea treatment is an effective 
method to remove protein from rubber latex. Amount of water soluble protein was observed through modified lowry method. It 
was found that the water soluble protein contented after incubation the HA-NR latex with urea was reduced from 4,245 Pg/g to 
15 Pg/g. DPNR composite was prepared by incorporated nano-calcium carbonate (Nano-CaCO3) at 1 - 4 wt% into pre-vulcanized 
DPNR latex. Then, physical properties of the DPNR latex were investigated. The thermal properties of DPNR was investigated 
through the dynamic mechanical thermal analyzer and oxidation thermal aging.  It was found that the corporation of nano-CaCO3 
in DPNR latex could improve thermal and mechanical properties of the rubber. The results showed that the loss tangent (tanG) 
was found to shift to lower temperature. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of COE of Sustainalble Energy System, Rajamangala University of Technology Thanyaburi 
(RMUTT). 
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1.Introduction 
Removal of proteins from natural rubber (NR) with urea is conducted to prepare a vulcanized DPNR latex, 
rapidly and efficiently. The proteins present on the surface of NR particle in the latex stage may sometimes cause an 
allergy to sensitive individual [1-2] and side reaction during chemical modification of NR latex [3-4]. In our 
previous work [5-6], the removal of proteins can be successfully prepared in latex stage using proteolytic enzyme to 
decompose the proteins and urea treatment to denaturation of the proteins.  
However, in order to improve DPNR latex as a rubber product, it is necessary to investigate the properties of 
vulcanized latex. In this study, thermal behavior of vulcanized depropteinized nano-composite were investigated in 
order to apply the DPNR latex as non-allergy thin film product. 
2.Experimental 
2.1. Materials 
High ammonium natural rubber latex (HANR), Sulfur (S), Zinc oxide (ZnO), Zincdiethyldithiucarbomate 
(ZDEC), Zinc mercaptobenzothaizole (ZMBT), Wingstay-L and Terric acid were purchased from Research Institute 
of Thailand. Sodium nitrate sulphate (SDS) was supported by Nagaoka University of Technology. Nano Calcium 
Carbonate (Nano-CaCO3) was purchased from Amenie Technology Co.,Ltd. Urea was purchased from BDH 
Laboratory Supplies Ltd. Potassium hydroxide (KOH) was purchase from VWR International Ltd. 
2.2. Preparation of deproteinized natural rubber (DPNR) 
HANR latex was incubated with 0.1 wt% urea in the presence of 1.0 wt% SDS solution for 1 hr. at the ambient 
temperature. The centrifugation was used to separate the cream fraction, which was redispersed in 1.0 wt% SDS 
solution. Then, the cream fraction was washed twice with 0.5 and 0.1 wt% SDS solution respectively. 
2.3. Preparation of pre- vulcanized deproteinized natural rubber  
The DPNR latex was prepared by compounding of DPNR latex according to formulations shown in table 1. 
 
             Table 1. Pre-vulcanized DPNR latex compounding ingredients. 
Component weight (g) 
60% DPNR latex 167.0 
10% KOH 2.0 
10% Terric acid 0.2 
50% Sulfur 1.6 
50% ZDEC 0.8 
50% ZMBT 0.8 
50% Wingstay-L 2.0 
50% ZnO 2.0 
water 170.5 
After that, the rubber latex mixtures were incubated at the ambient temperature for 96 hrs. and then were pre-
vulcanized at 60oC for 25 mins. 
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2.4.Preparation of DPNR latex films 
The DPNR film was prepared by casting method. The vulcanized DPNR compounding was poured into petri-
dish. The thickness of the film was controlled by amount of the latex. Then, the resulting films were dried in room 
temperature for 1 day and followed by drying in the oven at 50Ԩ for 2 day.  
2.5. Physical properties of DPNR latex  
The physical properties of latex were investigated by Thai Industrial Standard (TIS 980 – 2009) i.e. 
determination of total solids content (ISO 124 - 1997), determination of dry rubber content (ISO 126 - 1995) and 
determination of volatile fatty acid number (ISO 506 - 1992).  
2.6. Water soluble protein measurement 
      The amount of water soluble protein of rubber dry film prepared from concentrated NR was measured using a 
Standard Test Method for Analysis of Aqueous Extractable Protein in Natural Rubber and Its Products Using the 
Modified Lowry Method.  
2.7. Fourier Transform Infrared Spectroscopy (FTIR) 
The chemical structure of DPNR were investigated by FT-IR Spectrometer Frontier (FT-IR), Perkin Elmer, 
model FRONTIER. The ATR mode was used for thin film DPNR.  
2.8. Dynamic mechanical thermal Properties 
 
Dynamic mechanical analysis was performed using a Perkin Elmer DMA 8000 in the temperature/time scan 
mode. The shape of test sample was rectangular, 25 mm. long, 10 mm. and 3 mm. thick. The dual cantilever mode 
of deformation was used under the test temperature range from -110 to +100oC with a heating rate of 5oC min-1 and 
a frequency of 1 Hz. A sinusoidal strain with a frequency of 1 Hz and amplitude of 50 mm was applied to each 
specimen. The storage and loss moduli, tan G, and glass transition temperature (Tg) of the rubber vulcanizates were 
subsequently measured based on the test results. 
3. Results and Discussion 
3.1. Physical properties of DPNR 
Total nitrogen content of HANR and DPNR, which is proportional to the amount of proteins present in the 
rubber latex, is shown in Table 2. The total nitrogen content of HANR decreased from 0.45 wt% to 0.06 wt% after 
incubation with urea for 1 hours at room temperature. It may demonstrate that most proteins present in NR latex are 
attached to the rubber with weak attractive forces, can be detached with urea.  
The amount of water soluble protein content of HANR was 4,215 Pg/g, which was very much higher than those 
of DPNR (15 Pg/g) respectively. The result confirms that urea treatment is quite effective to prepare low protein 
rubber latex. 
Physical properties i.e. total solid content (TSC), dry rubber content (DRC) and volatile fatty acid (VFA) of NR 
were also tabulated in Table 2.  %TSC and % DRC of DPNR latex were lower than a neat HANR after 
centrifugation twice. Then we kept the both DPNR latex (preservation with NH4 content about 0.2 wt%) for 2 weeks 
before testing of VFA.  Volatile fatty acid number indicates a quality of preservation latex in which occurred from 
degradation of protein by bacteria present in the latex. VFA number of DPNR was lower than HANR two times. 
This may be due to the lower amount of protein in the latex.  
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      Table 2.   Total solid content (TSC), dry rubber content (DRC), nitrogen content, water soluble protein, volatile fatty acid (VFA) 
number of  HANR and DPNR latex. 
 
 
 
 
 
Figure 1 shows the NH stretching region of FT-IR spectra of HANR and DPNR. HANR showed a clear band at 
3280 cm-1, characteristic of proteins or long-chain peptides. After the deproteinization of HANR latex with urea, the 
band at 3280 cm-1 disappeared and a new band appeared at 3318 cm-1, which was identified to mono-or di-peptides, 
as reported in the previous study [5-6]. This is supporting evidence that the DPNR-urea treatment are a low protein 
natural rubber 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 ATR-Fourier transform infrared spectra of DPNR latex and HANR latex. 
3.2. Structure of vulcanized DPNR composite  
The DPNR latex was then compounding using sulfur vulcanization as shown in Table 1. After incubation, the 
pre-vulcanized DPNR latex was added with nano-CaCO3 at 1%, 2%, 3% and 4 wt%, respectively. Fig. 2 
shows a FTIR spectra of vulcanized DPNR/ nano-CaCO3. The characteristic bands for DPNR appeared at 
1664 and 836 cm-1, which are assigned to the C=C stretching and =C-H deformation, respectively [7]. The new band 
appeared at 900 cm-1 and board absorption peak at 1440 cm-1 may correlated to the filler. 
 
 
 
Samples TSC (%) DRC (%) Nitrogen content (%wt) Water soluble protein (Pg/g) VFA number 
HANR 60.87 60.05 0.45 4,215 0.028 
DPNR 60.75 59.83 0.06 15 0.014 
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Fig. 2. ATR-Fourier transform infrared spectra of vulcanized DPNR/nano-CaCO3 
at 1 wt%, 2 wt%, 3 wt% and 4 wt%. 
3.3. Dynamic mechanical Properties of vulcanized DPNR composite 
 
Fig. 3 Effect of nano-CaCO3 on loss tangent (tanG) as a function of temperature for  
DPNR/nano-CaCO3 at 1wt%, 2wt%, 3wt% and 4wt%. 
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Dynamic mechanical analysis (DMA) is useful for investigation of the viscoelastic behaviour of rubber 
compounds. The variations in viscoelastic properties which are usually expressed by storage and loss moduli and tan 
G with temperature of DPNR vulcanizates filled with nano-CaCO3 contents of 1-4 wt% is shown in Fig. 3-5. 
The tan G vs. temperature curve of DPNR filled nano-CaCO3 is shown in Fig. 3. It can be seen that the 
incorporation of nano-CaCO3 into the DPNR vulcanizates decreased the damping characteristics of the composites, 
causing a lower and broader damping peak. This could be explained because the filler acted as a barrier to the 
mobility of rubber chains, which restricted the segmental motions of rubbers through the strong interaction between 
filler and rubber molecular chains, indicating the reinforcing nature of filler with rubbers [8-9]. The temperature at 
the tan G peak is the glass transition temperature (Tg) which can be used to indicate the reinforcement of the rubber. 
In this work, there was no significant difference in the Tg value when 1-4 wt% of nano-CaCO3 contents filled into 
DPNR composites. The effect of the nano-CaCO3 filled DPNR compounds on DMA results can be summarized in 
terms of tan G max of the sample (Table 3). It was observed that the Tg of nano-CaCO3 filled DPNR vulcanizates 
was unaffected by the addition of nano-CaCO3. 
      Table 3. Glass transition temperature (Tg) of DPNR/ nano-CaCO3 with various content. 
 
 
 
 
 
Fig. 4 Effect of nano-CaCO3 on storage modulus as a function of temperature for DPNR/nano-CaCO3  
at 1wt%, 2wt%, 3wt% and 4wt%. 
Fig.4 shows the storage modulus-temperature curve of DPNR composite. It is a measure of the maximum energy 
stored in the material during one cycle of oscillation. This provides valuable insight into the stiffness of the rubbers, 
representing the elastic nature of the material. It can be seen found that DPNR filled with 3 wt% of nano-CaCO3 has 
the highest storage modulus compared to other content. As temperature increases, the components become more 
mobile and lose their close packing arrangement, leading to decrease of storage modulus in the glass transition 
region. As a result, in the rubbery region there is no significant change in storage. 
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Fig. 5 Effect of nano-CaCO3 on loss modulus as a function of temperature for DPNR/nano-CaCO3  
at 1wt%, 2wt%, 3wt% and 4wt%. 
Fig.5 shows the loss modulus curve of DPNR composite. It is a measure of energy lost to friction as heat and 
internal motions reflecting viscous behaviour. It was found that there was more heat dissipation for DPNR 
composites filled with 3wt% nano-CaCO3, as shown by an increase in the loss modulus. 
4. Conclusion 
Removal of protein from natural rubber latex using urea treatment was proved to be effective method to prepare 
vulcanized DPNR rapidly and efficiently. It was confirmed by nitrogen content and amount of water soluble 
proteins. From the present study of vulcanized DPNR, we found that the corporation of nano-CaCO3 in DPNR latex 
could improve thermal and mechanical properties of the rubber. The results showed that the loss tangent (tanG) was  
found to shift to lower temperature. 
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